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Abstract 

The long-term goal of this work is to develop the capability to predict 
chemically-reacting, multi-stream nozzle and plume flow fields. Two basic 
Navier-Stokes solvers, including the widely used F-3D code, are upgraded 
to include several upwind difference schemes and portable chemistry packages. 
Current computational capabilities for solving eqilibrium single-stream and 
multi-stream, frozen gas and finite rate chemistry problems are described. 

A variety of complex nozzle and plume flows have been computed. Solutions 
presented herein include axisymmetric plume flow for ideal and equilibrium air, 
3-D NASP nozzle/ afterbody flow, and an internal nozzle calculation comparing 
various finite-rate chemistry packages. 
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Motivations, Objective, and Applications 
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NASP, Space Shuttle, general plume flows and 
signatures 



SCHEMATIC OF AXISYMMETRIC PLUME FLOWS 
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Plume Flow in Supersonic External Stream 



Nozzle/Plume Flow Solvers 
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body flow. axsymm. nozzle. 










Nozzle/Plume Flow Solvers (cont.) 
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Equilibrium and Frozen Gas Chemistry 
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rozen uhemistry 
- No reactions 





Finite Rate Chemistry 
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Types of Nozzle/Plume Flows Computed 

Main complexity is due to: 













Axisymmetric Plume Flow in Quiscent Air 
Pj/Pinf = 21.9 - Mj = 1.5 
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Lower Half - Experimetnal Shadowgraph - (NASA TR R 6) 
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Comparison of Shock Reflection Location vs Altitude 
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nozzIjK geometry 
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Distance along nozzle axis (cm) 






Concluding Remarks 
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flow fields. 




